ABSTRACT. An attempt has been made to study the potential of mutagenic effects of gamma rays and sodium azide (NaN 3 ) on the meiotic cells of Vigna unguiculata (cowpea). Cowpea being a self-pollinated vegetable crop has very limited genetic variability therefore induced mutation can provide additional source of mutation in recent plant breeding programmes. Chromosomal aberrations like unorientation, multivalents, laggards, bridges, micronuclei, stickiness and precocious movement etc. were noticed in mutagen treated populations. Chromosomal aberrations were found to be correlated with the concentrations of physical and chemical mutagens individually as well as in combination. On the basis of our experimental results it can be concluded that the combined treatment proved to be more effective in inducing abnormalities and pollen sterility as compared to individual treatment sets.
Cowpea Vigna unguiculata (L.) Walp is widely cultivated throughout the world, particularly in the developing countries of South America, Africa and Asia, where plant proteins comprise 83% of total dietary protein (Mahe et al. 1994) . Cowpea represents one of the best hopes for combating shortage in food supply.
In recent years, mutation methodology has been used to produce many cultivars with improved economic value and study of genetics and plant developmental phenomena (Van, Den-Bulk et al. 1990 , Bertagne-Sagnard et al. 1996 . Induced mutation using physical and chemical mutagens is a method to create genetic variation resulting in new varieties with better charaterstics (Wongpiyasatid et al. 2000 , Arulbalachandran et al. 2009 ). Physical mutagens namely x-rays, gamma rays, fast neutrans, thermal neutrans, ultraviolet and beta radiation have been frequently used for mutagenesis (Yaqoob and Rashid 2001) . Except ultraviolet rays, all types were found to ionise atoms in tissues by detaching electrons from the atoms. Apart from physical mutagens, several chemical were also frequently used for induced mutagenesis in crops. Many of chemical mutagens have clastogenic (chromosome damaging) effects on plants via reactive oxygen-derived radicals (Yuan and Zhang 1993) . Sodium azide (NaN 3 ) is a chemical mutagen and has been one of the most powerful mutagens in crop plants (Wen and Liang 1995) .The mutagenicity of sodium azide is mediated through the production of an organic metabolite of azide compound (Owais and Kleinhofs 1988) . This metabolite enters into the nucleus, interacts to DNA, and creates point mutation in the genome. In order to understand its mutagenic mechanism, many studies in barley and bacteria have been performed in recent years (Kleinhofs et al., 1978, Gichner and Veleminsky 1977) . Being a strong mutagen in plant, it affects the different parts of the plants and their growth developmental phenomena by disturbing the metabolic activities. In view of this, mutagenic studies have been planned in Vigna unguiculata through individual and combined treatment of mutagens.
MATERIALS AND METHODS
Seeds of Vigna unguiculata L. Walp var. K 5269 were obtained from Chandrasekhar Azad Agricultural University, Kanpur, India. The seeds were irradiated at four different doses of gamma rays viz. 100, 200, 300 and 400 Gy from Co 60 source at NBRI, Lucknow, India. For sodium azide (SA) treatment, different durations (1h, 3h and 5h) of 0.5% SA were applied. For combined treatment of physical and chemical mutagens various treatment doses viz 100Gy+0.5%, 200Gy+0.5%, 300Gy+0.5% and 400Gy+0.5% SA were given for the treatment duration of 3h. After treatment of SA, gamma rays and combined treatment of SA and gamma rays seeds were thoroughly washed to remove the residual amount of mutagens. The treated seeds as well as control seeds were sown in replicates to raise the population.
For meiotic studies, fl ower buds were taken from plants of each treatment .Appropriate sized fl ower buds were fi xed in 1:3 acetic acids and absolute alcohol solution for 24h, and there after transferred in 70% alcohol. For the study slides were prepared by using chromosomal squash technique with 2% acetocarmine stain, gently fasten the stain and then pressed between the folds of a blotting paper for chromosome separation.
RESULTS
Cowpea contains 11 bivalents (2n=22) which are small in size and recognizable at higher magnifi cation (10X 100). Meiotic study of PMCs of controlled plants revealed a normal diploid status 11 bivalents at diakinesis ( Fig. 1) and 11:11 separation at metaphase I and anaphase I (Fig.  2) . A consistent increase in the frequency of various types of chromosomal abnormalities was observed alongwith the increasing concentrations of mutagens. Chromosomal abnormalities included the formation of univalents, stickiness, scattering, multivalents, laggards, bridges, and micronuclei. In addition to these, behavioural changes like unorientation, precocious separation ( Fig. 3 ), ring formation (Fig. 4) , unequal separation, cytomixis, binucleate (Fig. 5) , and multinucleate condition (Fig. 6 ) were also observed (Table 1) .
In sodium azide treated set and precocious movement and stickiness were major metaphasic abnormalities which were recorded to be 1.12% and 1.08%, respectively at the highest treatment duration i.e. 5h. Multivalent formation, translocation ring (Fig. 4) and other abnormalities were also evident in substantial amount. However the major abnormalities at anaphase I/II and telophase I/II were unequal separation (1.12%) and micronuclei (1.12%), respectively.
During gamma rays treatment, it was observed that precocious movement (2.84%) and non-synchronous disjunction (1.92%) were most frequent metaphasic and anaphasic abnormalities recorded at the highest dose i.e. 400 Gy. However, at this dose micronuclei (1.69%) and multinucleate condition (1.65%) were recorded at telophase I/II.
In the combination treatment of gamma rays and sodium azide predominant abnormalities at highest dose were precocious movement (2.46%), unequal separation (1.86%) and micronuclei (1.73%) at metaphase I/II. anaphase I/II and telophase I/II, respectively.
The pollen sterility also displayed an increasing trend alongwith the increasing doses of treatment in individual and combined treatment sets. 21.64% pollen sterility was recorded at highest treatment dose (5h) of SA treatment. Gamma rays were found to be more potent mutagen than SA individually causing 40.27% pollen sterility. Maximum pollen sterility i.e. 42.93% was recorded at highest treatment dose of combined treatment i.e. 400
Figs. 1-9. Meiotic chromosomes in individual and sequential treatment of gamma rays and sodium azide in Vigna unguiculata. 1. Nomal diakinesis. 2. Normal metaphase. 3. Precocious movement at anaphase II. 4. Ring formation at metaphase. 5. Binucleate condition. 6. Multinucleate condition. 7. Normal fertile pollen grain. 8. Oozing of cytoplasm of pollen grain. 9. Sterile pollen grain.
TREATMENT OF GAMMA RAYS AND SODIUM AZIDE IN VIGNA UNGUICULATA CHOROMOSOMES
Gy+0.5%. Therefore, it can be predicted that the combination treatment showed more reduction in pollen fertility as compared to individual treatment sets.
DISCUSSION
Meiosis is genetically the most signifi cant activity of an organism, consisting of a highly coordinated physiological, biochemical, cytogenetic and phenotypic event which leads to gene recombination, chromosome reduction and gamete formation (Kaul and Singh 1991) . Although these changes are continuous, mutation of any of the genes disrupts meiosis and culminates in gametic sterility and other abnormalities. Therefore, study of the meiotic behavior of mutagenized population forms a reliable index for estimating the type of effects of mutagens. Mutagens differed in the extent of induced meiotic abnormalities (Goyal and Khan 2009) .
Chromosomal anomalies are one of the most frequently produced classes of mutation that resulted by the action of both physical and chemical mutagens (Gecheff 1996) . In present investigation, as a result of individual and combined treatment of mutagens, the plants showed varying degree of meiotic abnormalities. Meiotic abnormalities increased alongwith the increasing doses of individual and combined treatment of gamma rays and sodium azide. Mutagenic potentiality of combined treatment was more effective than their individual ones.
Chromosome stickiness can be due to genetic or environmental factors (Consolaro and Pagliarini 1996, Souza and and several agents have been reported to cause stickiness of chromosome. Stickiness might be due to partial dissociation of nucleoproteins and alteration in their pattern of organization or due to depolymerization of nucleic acid caused by mutagenic treatment.
Precocious movement seems to be due to univalent formation at the end of prophase or precocious chiasma terminalization at diakinesis or metaphase . Univalent may originate from absence of crossing over in pachytene or from synaptic mutants. Chiasmata are responsible for maintenance of bivalents which permit normal chromosome segregation (Pagliarini 1990 , Defani Scoarize et al. 1995a ,b, Consolario et al. 1996 .
Low frequency of anaphasic bridges was observed with SA and gamma treatments in the present investigation. They might have been produced due to sub-chromatid exchanges, unequalexchange or dicentric chromosomes. The occurrence of breaks at the same locus and their lateral fusion leads to the formation of dicentric chromosome which is pulled equally to both the poles forming a bridge (Suganthi and Reddy 1992) . Another striking reason seems to be the delayed failure of terminalization of chiasmata as a result of which the ends of separating chromosomes remained midway between the two poles (Goyal and khan 2009) .
The multivalents were observed only at the higher concentrations of mutagens. Chaghtai and Hasan (1979) reported the occurrence of multivalents with the increasing concentrations of EMS, MES and MMS in Lens culinaris and suggested that translocations may have been produced due to terminal affi nities of chromosomes.
Gamma rays and EMS treatments have also been reported to induce the formation of multivalents in Vigna radiata (Ignacimutha and Sakthivel 1989) and Lens culinaris (Reddy andAnnadurai 1992) .
The micronuclei at dyad or tetrad stage of PMC's in mutagen treated population might have resulted due to non-orientation of chromosomes and laggards, since they were of frequent occurrence. Micronuclei lead to the loss of genetic material. This usually leads to the formation of sterile pollen grains (Goyal and Khan 2009) .
The reduction in pollen fertility might have been due to the meiotic abnormalities. Reduction in pollen fertility was higher in combined treatment than the single mutagen treatment Greater the meiotic abnormalities greater will be the pollen sterility. Chary and Bhalla (1988) also reported an increase in pollen sterility with an increase in mutagenic treatment. High degree of pollen sterility also has been reported in rice after treatments with SA, gamma rays, EMS and HZ (Sarawgi and Soni 1994) . Sharma et al. (2009) reported an increase in pollen sterility with an increase in mutagenic treatment in Vicia faba. Highest percentage of pollen sterility was also noticed at highest dose of combined treatment of EMS and gamma rays in cowpea (Kumar and Verma 2010) .
It is quite evident from the present investigation that maximum chromosomal anomalies and pollen sterility noted at 400Gy+0.5% dose (highest dose of combined treatment) were 22.86% and 42.93%, respectively, suggesting that this Vigna unguiculata L. Walp var. K 5269 is most susceptible to combined treatment. The lowest treatment doses of gamma rays and sodium azide can be utilized in mutation breeding for producing benefi cial traits and creating genetic variability in the natural gene pool of cowpea.
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